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(54)TiUc: SURFACE COVERING MATERL\L 
(57) Abstract 

A surface covering material is described which can be applied on to for example rock and coal surfaces (for convenience both rock 
and coal will further in this specification be referred to as "rock") in tunnels, stopes and pillars as well as around base plates of rock bolts to 
inhibit the breaking away of the rock covered thereby. The material comprises a mixture of a cementitious constituent, comprising a highly 
water absorbent cement blend, with a second constituent which incorporates a water based polymer emulsion. The highly water absorbent 
cement blend can absorb at least its own mass of water and in some cases five times its own mass of water. The covering material will dry 
quickly in mines where there is high humidity and little air movement. 
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Surface Covering Material 

This invention relates to surface covering 

materials . 

In our South African Patent Specification 
No 94/0532 there is described such surface covering 
5 materials. Although these materials have many excellent 

properties, they have a weakness when used underground. 
The problem in mines is the high humidity in the 
atmosphere and the fact that there is often very little 
air movement. In this situation, it has been found that 
10 the aforesaid materials take a fair amount of time to 

dry and cure which may be unacceptable in certain 
circumstances . 



According to one aspect of the present invention 
there is provided a surface covering material comprising 

15 a mixture of a cementitious constituent, comprising a 

highly water absorbent cement blend, with a the second 
constituent v/hich incorporates a water based polymer 
emulsion. This material can be applied on to for 
example rock and coal surfaces (for convenience both 

20 rock and coal will further in this specification be 

referred to as "rock") in tunnels, stopes and pillars 
as well as around base plates of rock bolts to inhibit 
the breaking away of the rock covered thereby. 

The term "highly water absorbent" should be con- 
25 strued in accordance with the following:- Ordinary 

Portland cement ("OPC") will absorb water in the 

CONFIRMATION COPV 
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following proportions, viz 100 gm OPC to about 38 gm 
water. A "highly water absorbent cement blend" will 
absorb at least its own mass of water. The cementitious 
constituent preferably will absorb at least three times 
5 its mass of water and in a preferred embodiment will 

absorb five times its mass of water. 

Because the cementitious constituent is highly 
water absorbent, it can better absorb the liquid 
component of the second constituent. Furthermore for 
10 this reason the cementitious constituent can overcome 

the problem which would otherwise be encountered namely 
that the polymer coats a large proportion of the 
granules of the solid constituent thereby preventing the 
formation of an adequate amount of ettringite. 

15 The second constituent may be a liquid constituent. 

Alternatively the second constituent may be a dry 
material . 

The surface covering material is preferably applied 
by being sprayed on to the rock surface. For this 
20 purpose the constituents are preferably mixed prior to 

being sprayed on to the rock surface. The mixture v;ill 
normally have a limited pot life and therefore wi3 1 have 
to be sprayed within a certain period, normally about 
twenty to thirty minutes after mixing. 
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Where the second constituent is a dried material, 
the two constituents are conveniently mixed or blended 
together and the water added to the mixture in the 
appropriate amount. Alternatively, the mixture of the 
5 dry materials and water may be sprayed on to the surface 

by a process similar to the "Gunite" process. 

The cementitious and second constituents are 
preferably mixed in the ratio of 1:3. (All ratios and 
percentages referred to in this specification are on the 
10 basis of massimass.) 

The cementitious constituent preferably comprises 
high- alumina cement, OPC and anhydrite gypsum 

(anhydrous calcium sulphate) forming the bulk of the 

15 mixture together with soda ash, lithium carbonate and 

sodium fluoride and conveniently in addition 
Natrasol®250HR or Cellosize®QP 52000. The items men- 
tioned above as forming the bulk of the mixture may 
constitute 99% or more of the mixture. We have found 

20 that the minor constituents react with the major 

constituents to provide the highly water absorbent 
characteristic to the cementitious constituent. 

The OPC may comprise between 4 0% and 52% and 
preferably about 47% of the cementitious constituent. 
25 The high alumina cement may comprise between 18% and 28% 

and preferably about 23% of the cementitious constitu- 
ent. The anhydrite gypsum may comprise between 27% 
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and 31% and preferably about 2 9% of the cementitious 
constituent . 

The sodium fluoride is preferably a light 95% 
technical grade sodium fluoride. 

5 The soda ash should be finely ground soda ash. 

The soda ash and the sodium fluoride may each comprise 
between 0,25% and 0,35% and preferably about 0,3% of the 
cementitious constituent. The lithium carbonate and 
Natrasol (or Cellosize) may each ccjinprise between 0,0^.'" 
10 and 0,15% and preferably about 0,1% of the cementitious 

constituent . 

Preferably the second constituent further comprises 
a fire retardant. A preferred fire retardant comprises 
antimony trioxide and chlorinated paraffin, the latter 

15 preferably being that sold under the trade name "Cere- 

clor™ 70". This fire retardant preferably const. itutejj 
about 10% to 20% of the second constituent. The chlor- 
inated paraffin conveniently constitutes between 8% 
and 12%, preferably between 10% and 11% and most 

20 preferably about 10,7% of the second constituent while 

the antimony trioxide conveniently constitutes 
between 3% and 7%, preferably betv;een 5% and 5,5% and 
most preferably about 5,4% of the second constituent. 

The emulsion is preferably an acrylic emulsion 
25 binder, conveniently a vinyl acetate ethylene co})olymer 
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and preferably that which is commercially available 
under the trade name "Airflex'" 300". This material 
forms a binder for the applied surface covering layer 
giving improved flexibility, elasticity and tensile 
5 strength to the cured surface covering layer. In 

addition it provides improved adhesion to the rock 
surface. The vinyl acetate ethylene copolymer conveni- 
ently constitutes between 60% and 75%, preferably 
between 65% and 70% and most preferably about 67,6% of 
10 the second constituent 

A plasticizer is preferably included to improve the 
flexibility and resilience of the material once it has 
cured. In particular the plasticizer will assist in 
providing resilience and flexibility over small radii 

15 such as are encountered at rock edges during rockmass 

deformations under slow and rapid loading conditions. 
A preferred plasticizer is dibutyl phthalate. The 
plasticizer may constitute between 5% and 10%, preferab- 
ly between 7% and 8% and most preferably about 7,8% of 

20 the second constituent. 

A bactericide for preventing growth of bacteria and 
enzymes may be provided. This is conveniently in the 
form of the material commercially obtainable under the 
trade name "Metatin™ G.T.". Only a small amount of the 
25 bactericide need be added and this may be less tlaan 1%, 

conveniently between 0,1% and 0,2% and preferably 
about 0,13% of the second constituent. 
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An anti- foaming agent is also preferably added Lo 
prevent foaming and consequent trapping of air in the 
product and resultant reduction in the strength of the 
set product. Two preferred anti- foaming agents are 
5 BEVALOID® 513 and NEPCO® ADW . Only a small amount of 

such agent need be provided and this may be less 
than 0,5% and conveniently between 0,1% and 0,3% of the 
second constituent. The amount of anti-f earning agent 
can be adjusted and in particular supplement. ed on 
10 inspection during the mixture of the product. 

The covering material is preferably provided with 
a thickener which preferably forms thixotropic vircoi:ity 
build and helps to prevent sag. Preferably this is 
provided in the second constituent. A prt?f erred 
-15 thickener is ATTAGEL® 50, It is preferably addt^d as a 

15% aqueous suspension. This suspension solution may 
comprise between 2% and 4% and preferably about ;:,7'j of 
the second constituent. 

The second constituent may further comprise a rala- 
20 tively small amount of water constituting conveniently 

between 2% and 10%, more conveniently between 4,5% 
and 6% and preferably about 5,4% of the mass of the 
second constituent. Alternatively, as mentioned above, 
the second constituent may be a dry material forme:.! 
25 preferably by drying the emulsion as well as an/ ocher 

liquid containing materials and then blending this dricT'l 
product with any further solid materials. 
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According to another aspect of the invention ther^. 
is provided the second constituent of the surface 
covering material set out above . According to a 

further aspect of the invention there is provided the 
5 cementitious constituent of the surface covering 

material set out above . 

According to yet another aspect of the invention 
there is provided a method of reinforcing a rock rurl'ace 
in a mine comprising applying a layer of the above 
10 material to the said surface and permitting it to f;et , 

Examples of the surface covering material will ncv; 
be described by way of example. 

EXAMPLE I 

A surface covering material comprises a first cem- 
15 entitious constituent and a second liquid constitu^ent . 

A 1000 kg mix of the solid constituent comprises 
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Description Mass in kg % 

High Alumina cement 230,0 23,0 

OPC 470,00 47,0 
Anhydrite Gypsum (anhydrous 

Calcium sulphate) 292,0 29,2 

5 Finely Ground Soda Ash 

E,P./V.S.P 3,0 0,3 

Sodium Fluoride 95% light tech- 
nical grade 3,0 0,3 

Lithium carbonate (99% pure) 1,0 0,1 

10 Natrasol® 250 H.R. 1,0 0,1 - 



1000 100,0 



We have found that 100 gm of this cementitious 
mixture will absorb at least 500 gm water. It is 
therefore highly water absorbent . 

The liquid constituent comprises :- 
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Description % 

Airflex 300" Emulsion binder 67,57 

dibutyl phthalate plasticizer 7,81 

Antimony trioxide flame retardant 5,38 

Cereclor 70" flame retardant 10,77 

5 15% aqueous sol- 
ution of Attagel" anti-sag agent 2,69 

Acticide bactericide 0,13 

Anti-f oam 0,26 

Water 5,39 



100, 00 



10 The components of the second constituent are mixed 

together in a high speed mixer until the flame 
retardants are dispersed, i.e. for between ten to 
twenty minutes at ambient temperature. 

The cement it ious and liquid constituents are now 
15 mixed together at ambient temperature in a hopper of a 

special sprayer in a ratio of three parts liquid 
constituent to one part cementitious constituent. The 
mixture is stirred continually until it is used. The 
mixture will set within about thirty minutes and 
20 therefore should be used within about twenty minutes of 

mixing. The mixture is sprayed on to the rock surface 
to provide a layer of not less than 2 , 0 mm thick. The 
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spraying rate of the mixture is between two and three 
hundred litres per hour. 

We have found that the cement constituent absorbs 
the water in the second constituent so that the surface 

5 layer will dry to a dry film even in conditions of 100% 

humidity so that it, the surface layer, will cure 
sufficiently to be self-supporting within fifteen 
minutes and to be able to give initial support for the 
rock within tv/o to three hours. When fully cured, which 

10 will normally take about twenty eight days, the layer 

will have a uni-axial tensile strength of not less 
than 1,5 mega-pascals. The layer is also adequately 
flexible having an elongation of between fifty and sixty 
per cent . These characteristics enable the layer to 

15 form a confinement for the rock to control the disinte- 

gration of the rock surface and to improve stability of 
the rock mass. This is because the flexible layer v/ill 
assist in dissipating energy release, will assist in 
controlling the rock deformation and will keep the key 

20 blocks in place thereby assisting in reducing rock falls 

and further will assist in holding the rock coherently 
even when there is a high rate of energy release. Of 
course this strength is limited and under extremely high 
forces the layer will fail. It, the cured layer, 

25 will have adequate adhesion to most rock substrates 

found in the mines. 
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The spraying machinery and the hopper can be 
cleaned with water and the waste water can run away and 
join other water in the mines. It is not necessary to 
provide toxic liquid for the cleaning of the parts. The 
5 constituents for producing the surface covering layer 

and the mechanical equipment for this purpose are 
relatively inexpensive. 

EXAMPLE II 

The constituents are formed as in Example I . A 
10 spray nozzle fitted with a mixing device on its inlet 

is used. The mixing device comprises a static spiral 
mixer comprising spiral segments arranged so that each 
consecutive segment rotates the mix passing through tube 
in a direction opposite to that of the previous segment. 

15 The constituents are fed separately to the nozzle 

and the mixing device blends the two constituent prior 
to entering the spray nozzle which now applies the blend 
to the surface of the rock to be coated. 

EXAMPLE III 

20 The cementitious constituent is as described in 

Example I. A blend of liquid polymers and plastici.^ers 
are dried in an air drier to remove the water. This 
forms a dry powder. The dry powder is then blended v;ith 
the remaining solids of the second constituent. 
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The cementitious and second constituents are then 
blended with one another. The hydrating water is now 
added to the mixture in the mine at the site where it 
is required to coat the rock. The product is stirred 
5 and then applied as mentioned in Example I, 

EXAMPLE IV 

The dry mixture of the first and second 
constituents is prepared as described in Example III. 
The dry mixture and water are applied under pressure to 

10 the rock surface by means of a "Gunite" nozzle. This 

nozzle is fitted inside with a perforated manifold 
through which water is introduced under pressure to be 
mixed with the solid material that is pneumatically 
conveyed to the nozzle. The mixture is applied to the 

15 rock surface. 

The rock covering materials applied in accordance 
with Examples II, III and IV have the same advantages 
as those as described in Example I . 

The invention is not limited to the precise details 
20 set forth in the examples. The constituents of the 

material may vary or be altered. For example hydrophil- 
lic fibres or glass fibres of between say 0,5 and 12 mm 
may be added to the material to increase the tensile 
strength of the cured layer especially in the post 
25 failure stage. Alternative flame retardants, bacteri- 
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cides and anti-f oaming agents may be used. Further 
additional water may be added to lower the viscosity of 
the second constituent. 



If desired a foaming agent may be added to the 
5 second constituent (and the anti- foaming agent removed) 

so that a foamed layer of the material may be sprayed 
on to the cured or partially cured layer. This foamed 
layer may be about thirty five to seventy five and 
preferably fifty millimetres thick. The foamed layer 
10 will provide thermal insulation for the rock walls and 

will inhibit heat from the rock entering into the 
working spaces of the mine. 
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CLAIMS 

1. A surface covering material comprising a mixturn 
of a cementitious constituent and a second constituent 
characterised in that the cementitious constituent 
comprises a highly water absorbent cement blend and the 
second constituent incorporates a water based polymer 
emulsion . 

2. A material as claimed in claim 1 characterised in 
that the cementitious constituent will absorb its own 
mass of water. 

3 . A material as claimed in claim 2 characterised i n 
that the cementitious constituent will absorb about five 
times its own mass of water. 

4. A material as claimed in claim 1, 2 or 3 
characterised in that the cementitious mixture comprises 
high-alumina cement, ordinary portland cement and 
anhydrite gypsum (anhydrous calcium sulphate) forming 
the bulk of the mixture together with soda ash, lithium 
carbonate and sodium fluoride . 

5 . A material as claimed in claim 4 characterised in 
that it further comprises Natrascl®250HR or Cellosize®QP 
52000 . 
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6 . A material as claimed in claim 4 or 5 characterised 
in that the high alumina cement, ordinary portland 
cement and anhydrite gypsum constitute 99% or more of 
the cementitious constituent. 

7. A material as claimed in claim 4, 5 or 6 character- 
ised in that the ordinary portland cement comprises 
between 40% and 52% and preferably about 47% of the 
cementitious constituent . 

8. A material as claimed in claim 4, 5, 6 or 7 charac- 
terised in that the high alumina cement comprises 
between 18% and 28% and preferably about 23% of the 
cementitious constituent. 

9. A material as claimed in any one of claims 4 to 8 
characterised in that the anhydrite gypsum comprises 
between 27% and 31% and preferably about 29% of the 
cementitious constituent . 

10. A material as claimed in any one of claims 4 to 9 
characterised in that the soda ash comprises 
between 0,25% and 0,35% and preferably about 0,3% of the 
cementitious constituent . 

11. A material as claimed in any one of claims 4 to 10 
characterised in that the sodium fluoride comprises 
between 0,25% and 0,35% and preferably about 0,3% of the 
cementitious constituent . 
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12. A material as claimed in any one of claims 4 to 11 
characterised in that the lithium bicarbonate comprises 
between 0,09% and 0,15% and preferably about 0,1% of the 
cementitious constituent . 

13 . A material as claimed in any one of claims 4 to 12 
characterised in that the Natrasol comprisns 
between 0,09% and 0,15% and preferably about 0>1% of the 
cementitious constituent . 

14 • A material as claimed in any one of the preceding 
claims characterised in that the second constituent 
further comprises a fire retardant. 

15 . A material as claimed in claim 14 charact erised in 
that the fire retardant comprises antimony trioxide and 
chlorinated paraffin. 

16 . A material as claimed in any one of the preceding 
claims characterised in that the emulsion is an acrylic 
emulsion binder. 

17. A material as claimed in claim 16 charact erised in 
that the emulsion is a vinyl acetate ethylene copolymer. 

18 . A material as claimed in claim 17 characterised in 
that the vinyl acetate ethylene copolymer constitutes 
between 60% and 75%, preferably between 65% and 70% and 
most preferably about 67,5% of the second constituent. 
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19. A material as claimed in claim 18 characterised in 
that a plasticizer is included. 

20. A material as claimed in claim 19 characterised in 
that the plasticizer is dibutyl phthalate. 

21. A material as claimed in claim 19 or 20 charact^r^ 
ised in that the plasticizer constitutes between 5% and 
10%, preferably between 7% and 8% and most preferably 
about 7,8% of the second constituent, 

22. A material as claimed in any one of the preceding 
claims charact erised in that a bactericide for prevent- 
ing growth of bacteria and enzymes is provided. 

23 . A material as claimed in any one of the preceding 
claims characterised in ^ha^ an anti- foaming agent- is 
added to the second constituent. 

24. A material as claimed in claim 23 characterised in 
tha^ the foaming agent comprises less than 0,5% and 
conveniently between 0,1% and 0,3% of the second 
constituent, 

25. A material as claimed in any one of the preceding 
claims characterised in ^hA^ the covering material is 
provided with a thickener which preferably forms 
thixotropic viscosity build and helps to prevent sag. 

_ 9858B86A2. 1 > 
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26. A material as claimed in claim 25 charasj£££is(£^_in 
Jtlaat the thickener is provided in the second consti- 
tuent . 



27. A material as claimed in claim 26 characterised -in 
£Mt_the thickener is added as a 15% aqueous solution 
which preferably comprises between 2% and 4% and 
preferably about 2,7% of the second constituent. 

28. A material as claimed in any one of the preceding 

characterised -in thf^t- the first and second 
constituents are mixed in the proportions of one to 
three . 



29. For use in a covering material as claimed in 
claim 1, a cementitious constituent characterised ; i, p 
that it comprises high- alumina cement, ordinary 
Portland cement and anhydrite gypsum (anhydrous calcium' 
sulphate) together with soda ash, lithium carbonate and 
sodium fluoride. 

'30. A cementitious constituent as claimed in claim 29 

ch^y&ctQri RPd ±n that it further comprises 

Natrasol®250HR or Cellosize®QP 52000. 

31. For use in a covering material as claimed in 
claim 1, a second constituent characterised in that it 
comprises a liquid constituent. 
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32. For use in a covering material as claimed in 
claim 1, a second constituent characte rised in ^ha^ it 
comprises a dry solid constituent. 



33. A method of reinforcing a rock surface in a mine 
cliaracterised in that a layer of the surface covering 
material as claimed in any one of claims 1 to 28 is 
applied to the said surface and permitted to cure. 

34. A method as claimed in claim 33 characterised in 
£hat the surface covering material is applied to the 
said surface by being sprayed on to the surface. 

35. A method as claimed in claim 34 when dependant upon 
claim 32 characterised in that the dry constituents and 
water are sprayed on to the said surface by a "Gunite" 
process . 
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(57) Abstract 

A suiface covering material is described which can be applied on to for example rock and coal sur&ces in tunnels, stopes and pillars as 
well as around base plates of rock bolts to inhibit the brealdng away of the rock covered thereby. The material comprises a mixture of a 
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